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INTRODUCiiON 


For  several  years  the  US  Army  Land  Warfare  Laboratory  (USALWL)  has  been 
developing  optical  aids  for  use  in  high  vibration  environments  where  standard 
military  binoculars  (7  x  50)  are  only  marginally  helpful  to  the  naked  eye  in 
the  detection  of  targets.  Stabilized  optical  aids  have  been  developed  but 
they  are  cumbersome,  expensive  and  of  marginal  optical  quality  in  many  cases. 
Target  acquisition  studies,  in  non-vibrating  environments,  have  shown  that 
low  power  optical  aids  are  almost  as  effective  as  the  seven  power  devices. 

The  lower  optical  power  will  alleviate  the  vibration  problem  and  also  permit 
a  wider  field-of-view. 

A  design  study  was  performed  by  the  Muffoletto  Optical  Company,  Inc.*  to 
incorporate  the  above  characteristics  together  with  a  large  exit  pupil  and 
good  eye  relief  into  a  pair  of  binoculars  for  airborne  use.  The  design 
study  was  further  restricted  to  incorporate  off-the-shelf  components  to  the 
fullest  extent  possible,  consistent  with  good  optical  quality,  in  order  to 
keep  costs  reasonable. 

This  report  describes  the  final  design,  fabrication  and  testing  of  two  pair 
of  aerial  reconnaissance  binoculars  based  substantially  on  the  previous  work. 
Detail  changes  in  the  original  optical  design  were  undertaken  when  computer 
analysis  indicated  significant  improvement  in  the  overall  thru-put  at  large 
field  angles  and  an  increase  in  the  eye  relief. 

The  project  was  initiated  on  March  4,  1974  and  the  binoculars  were  delivered 
on  May  28  and  June  6,  1974.  Presently,  one  set  is  undergoing  field  tests 
at  MASSTER,  Fort  Hood,  Texas.  Figure  1  is  a  photograph  of  the  final 
binocular  design. 


*See  Appendix  A.  Reports  #1  &  2,  Muffoletto  Optical  Company,  Inc.,  July  2 
6c  October  9,  1973. 
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Figure  1.  Low  Power  Binoculars 


OPTICAL  DESIGN 


I,  Design  Goals 


Based  on  the  previous  design  efforts  and  the  Intended  system  application, 
the  following  design  goal  characteristics  for  the  binoculars  were  established: 


Magnification  -  3x 

Fleld-of-vlew  -  20  degrees  or  greater 
Exit  pupil  -  10  nm 
Eye  relief  -  10-14  nm 

Size  -  as  small  and  as  compact  as  possible 

Design  &  materials  -  rugged 

Components  -  off-the-shelf.  If  possible 


If  all  the  components  were  specified  and  supplied  as  results  of  the  previous 
efforts,  the  only  additional  design  effort  required  would  have  been  purely 
mechanical.  However,  detailed  definition  of  components  was  not  given  In  the 
Muffoletto  Reports.  The  reports  gave  design  specifications  for  the  optical 
components,  radii,  glass  types  and  component  spaclngs.  Implementation  of 
these  specifications  Into  hardware  resulted  In  slight  variations  from  the 
design  specifications  because  of  the  necessity  of  placing  manufacturing 
tolerances  on  all  components  to  be  fabricated.  The  final  binocular 
characteristics  were  measured  and  are  listed  below. 


Binocular  Characteristics 


Magnification 


3. lx 


Fleld-of-vlew 


17.8  degrees 


Exit  Pupil 


9.65  mm 


Eye  Relief 


27 ,4  nm 


Size 


4.5  X  8.75  X 
3.5  Inches 


Weight 


4.3  lbs 
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2,  Computer  Design  -  Ray  Tracing  of  Original  Design 


Initially,  it  was  thought  possible  to  reduce  the  diameter  of  the  optical 
elements  within  the  eyepiece  in  order  to  reduce  their  size  and  weight.  The 
required  diameters  were  not  specified.  Tables  1.2  and  1.3  of  Report  #2  show 
two  meridional  ray  traces  through  the  system  but  neither  represent  the  extreme 
ray  with  respect  to  the  eyepiece.  In  order  to  define  the  required  diameter 
of  the  eyepiece  components,  additional  ray  traces  were  therefore  required. 

Initial  ray  traces  on  the  eyepiece  above  indicated  that  the  design  yielded 
a  nominal  1%  inch  focal  length,  Erfle  design,  used  in  the  reversed 
direction  from  the  originally  intended  orientation.  The  eyepieces  were 
available  from  two  vendors,  A.  Jaegers  &  Edmund  Scientific  Co.  with  identi¬ 
cal  optical  designs  but  slightly  different  mechanical  designs,  the  Jaeger 
model  being  somewhat  larger.  The  eyepiece  contains  three  cemented  doublets. 
The  normal  field  lens  (furthest  from  the  eye)  is  0.846  inches  (21.48  mm) 
clear  radius,  as  is  the  middle  element.  The  normal  eye  lens  (nearest  the 
eye)  has  a  0.649  inch  (16.487  irm)  clear  radius.  Ray  traces  of  the  reversed 
eyepiece  design  show  that  for  a  30  mm  diameter  entrance  pupil,  vignetting 
will  start  at  a  half  field  angle  of  6.3  degrees  due  to  physical  blockage 
at  the  edge  of  the  first  element  of  the  eyepiece.  This  element  also  limits 
the  field-of-view  to  something  less  than  a  half  angle  of  10  degrees  regard¬ 
less  of  the  size  of  the  prisms.  This  design  required  a  minimum  of  33  mm 
diameter  prism  assembly  in  order  to  prevent  vignetting  of  the  9  degree  rays 
at  the  edges  of  the  prisms. 

Two  meridional  ray  traces  are  shown  in  Tables  I  and  II.  The  nomenclature  of 
each  column  is  as  follows: 

SURF  An  optical  surface  or  plane  indexing  number 

C  The  curvature  of  the  plane  or  1/radius 

T  Linear  vertex  distance  of  the  next  surface 

N  Intervening  index  of  refraction 

Y  Ray  height  at  SURF 

UN  Angle  of  the  ray  with  the  horizontal  radians 

Surfaces  1  to  6  are  the  objective  lens  elements,  7  and  8  the  entrance  and 
exit  surfaces  of  the  Porro  Prism  and  9  to  17  the  surface  of  the  eyepiece 
elements.  Table  I  represents  a  ray  starting  at  the  very  edge  of  the 
objective  aperture  stop  (15  mm)  at  an  angle  of  -  7.40,  which  gets  vignetted 
at  surface  9,  the  entrance  of  the  eyepiece  since  the  eyepiece  diameter  is 
only  0.649  inches  but  the  ray  strikes  at  -  0.709  inches.  Obviously,  a  ray 
starting  at  a  steeper  negative  angle  would  be  vignetted  since  it  would  strike 
surface  9  at  a  greater  radius.  Table  II  shows  a  ray  initiated  at  -  6.41 
degrees  which  is  just  barely  vignetted  at  surface  11,  the  last  element  of 
the  first  cemented  doublet.  This  ray  represents  the  extreme  field  half 
angle  for  which  there  is  no  vignetting  at  the  eyepiece.  Additional  ray 
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Meridional  Ray  Trace  from  15  mm  Radius  at  -7.45  Degrees 
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traces  show  an  exit  pupil  of  9,702  ram  and  an  eye  relief  of  7.21  ram  for  the 
0.6  zone  of  the  objective  lens. 

One  interesting  item  is  that  reversing  the  eyepiece  from  its  intended  design 
orientation  yields  a  good  spacing  0.953  inches  (24.2  mm)  between  the  last 
surface  of  the  Porro  Prisms  and  first  surface  of  the  eyepiece.  Potential 
problems,  arising  from  real  optical/mechanical  tolerances  and  infinity 
focusing  are  thereby  alleviated. 

3.  Ray  Traces  -  Eyepieces  Normal  Mode 

Analysis  of  the  Muffoletto  design,  with  the  eyepiece  placed  in  the  originally 
intended  orientation,  yields  the  following  calculated  parameters; 

Exit  Pupil  =  9.69  ran 

Eye  Relief  =  24.8  ran  • 

Prism  minimum  unvignetted  aperture  =  33  ran 

Unvignetted  half-field  =6.8  degrees 

Table  III  shows  the  extreme  unvignetted  ray  trace  through  this  system.  Table 
IV  shows  a  -10  degree  ray  passing  nearly  through  the  center  of  the  lens. 

Unlike  the  previous  design,  where  no  energy  10  degree  off-axis  passed  through 
.  the  system,  all  -10  degree  off-axis  rays  from  the  center  to  a  -15  ran  zone  is 
transmitted.  Conversely,  all  +10  degree  rays  from  0  to  +15  will  also  be 
transmitted.  Whereas  the  previous  design  was  angularly  limited  in  field 
extent  due  to  the  vignetting  of  the  first  element  of  the  eyepiece,  this 
arrangement  will  be  field  limited  by  the  physical  size  of  the  prisms. 

Off-axis  transmission  in  the  original  design  falls  to  zero  at  9.5  degree 
half  angle,  while  with  the  eyepiece  in  the  forward  orientation,  the  trans¬ 
mission  is  approximately  50  percent  of  full  aperture  at  a  10  degree  half 
angle. 

Table  IV  also  shows  what  the  effect  of  field  angle  is  on  eyepiece  size. 

Notice  that  surface  12,  the  first  surface  of  the  middle  doublet  of  the 
eyepiece,  the  -10  ray  requires  a  clear  radius  of  0.813  inches.  Reducing  the 
size  of  eyepiece  elements  to  reduce  overall  weight  has  the  effect  of  reducing 
the  effective  aperture  at  the  wide  angular  field.  It  should  be  clear  (hat 
reducing  the  diameter  of  the  objective  lens  does  little  to  reduce  the  required 
diameter  of  the  eyepiece  elements,  since  the  element  clear  diameter  is 
primarily  determined  by  the  wide  field  angle  requirement. 

Placing  the  eyepiece  in  the  conventional  manner  reduces  the  spacing  between 
the  last  surface  of  the  Porro  Prism  and  the  first  surface  of  the  eyepiece. 
Optical  and  mechanical  tolerances  in  this  configuration  are  therefore  more 
critical. 
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TABLE  III 


Un-Vignetted  Ray  Trace  for  -6.8  Degree  Ray  at  a  Radius  of 
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TABLE  IV 


Ray  Trace  of  -10  Degree  Ray  Near  Objective  Lens  Center 
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4.  Prisms 


Report  yAl  in  Appendix  A  adequately  discusses  the  various  types  of  erecting 
prism  systems  and  shows  that  Porro  Prisms  are  best  for  the  erecting  system. 

A  normal  version  of  the  Porro  Prism  erecting  system  employs  two  right  angle 
prisms  placed  at  90  degrees  to  one  another  (See  Report  #1,  Appendix  A, 

Figure  13.33).  This  version  of  the  Porro  design  leads  to  a  mechanical 
interference  between  the  eyepiece  and  the  side  of  one  prism  with  the  eyepiece 
used  in  the  normal  configuration.  A  second  version  called  the  Abbe-Porro 
design  is  shown  in  Figure  2.  This  configuration  has  identical  optical 
characteristics  with  those  of  the  normal  Porro  design  but  eliminates  the 
mechanical  interference  problem. 

Optical  ray  traces  show  that  for  the  very  wide  field  angles,  all  rays  will 
not  be  totally  internally  reflected  at  the  reflecting  surfaces  of  the  prism 
assembly.  Each  of  the  four  reflecting  surfaces  are  therefore  coated  with  an 
evaporated  layer  of  aluminum.  All  surfaces  except  the  entrance  and  exit 
aperture  were  sprayed  with  black  lacquer  for  stray  light  reduction  and 
mechanical  protection. 

After  placing  the  order  for  the  prism,  it  was  discovered  that  these  prisms 
were  no  longer  available  from  surplus  stock  but  were  now  built  by  the  optical 
section  of  Jaeger.  Since  these  prism  assemblies  are  cemented,  centering 
alignment  cannot  be  adjusted  after  assembly.  Jaegers  had  no  alignment 
procedure  other  than  placing  the  elements  on  a  flat  plate  while  glue  dried. 
Since  collimation  is  critical  to  binocular  systems,  alignment  of  the  prism 
elements  prior  to  cementing  to  assure  no  vignetting  due  to  the  prism  relative 
position  is  essential.  This  alignment  was  performed  in-house  using  a  laser 
reference  beam  during  the  cementing  process.  This  procedure  will  be  des¬ 
cribed  in  the  section  on  alignment. 

5.  Objective  Lens 

Specifications  of  the  triplet  objective  radii  and  spacings  were  given  in 
Report  #2  of  Appendix  A.  The  necessary  clear  radius  of  each  element  was 
determined  by  the  ray  trace  of  10  degree  off-axis  rays  striking  the  objectives 
at  a  15  mm  radius.  Tolerances  were  specified  as  +  0.005  inches  in  thickness, 

+  0.003  inches  in  diameter,  0.25  percent  on  each  radius  and  optical/mechanical 
axis  to  be  aligned  within  5  min  of  arc.  Each  element  was  coated  with  i  wave 
of  MgF2  to  reduce  reflective  losses. 

An  anodized  aluminum  cell  is  used  to  hold  the  three  elements  co-axial  and  at 
theproper  element  spacing.  The  design  details  as  well  as  the  two  lens 
elements  spacers  are  shown  in  Figure  3.  The  cell  is  in  turn  screwed  into 
the  cover  of  the  prism  housing. 
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MllUtOU  AND  PRISM  SYSTEMS. 


MIL-HOBK-141 


^blK^’s  Modi ficationi_oj  the*  Porro  Pri^wn  System.  This  prism  system  consists  of  two  prisms  cementeJ 
tocotticr.  It  will  invert  and  revert  the  ima(;c.  The  system  is  a  direct  vision  prism  out  the  l»ne  of  sii;ht  will 
be  displaced  by  the  amount  d. 


Object 


A  =  l.OO  n  =  1.5170  t  =  45®  a  =  0.10  (chosen  arbitrarily)  B  =  A  +  Q  =  1. 10 
C  =  1.4142A  =  1.4142  D  =  A  +  2a  =  1.20  •  R  =  D/2  =  0.55  d  =  B  =  1. 10  t/n  =  3.0323 

t  =  2  (2A  +  3a)  =  4.60 

Figure  2a  -  Abbe  prism  system. 


\ 


Prism  ttl  .  Prism  #2 


Figure  2b  -Abbe  prism  system  tunnel  diagram. 
■0  ' 
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Figure  3  •  Lens  Cell 


6.  Prism  Housing 


Figure  4  shows  the  details  of  the  support  housing  for  the  prism  assembly. 
There  is  a  right  and  left  hand  housing,  connected  by  a  hinge.  The  hinge  is 
positioned  so  as  to  change  Interpupillary  distance  of  the  eyepiece  as  the 
housings  are  rotated.  A  maximum  spacing  of  82  mm  and  a  minimum  of  64  mm 
is  provided  limited  by  the  diameter  of  the  eyepiece  housings. 

The  black  anodized  aluminum  housings  have  two  mounting  pads  machined 
into  the  inner  walls  and  a  third  machined  just  above  the  geometrical  center 
of  the  housing.  These  pads  serve  as  the  mounting  points  for  holder  of  the 
prism  assembly.  The  holder  or  "basket”  assembly  was  fabricated  from  0.020 
inch  stainless  steel  sheet.  Mounting  tabs  are  welded  to  each  "basket"  end. 
The  third  tab  is  part  of  the  bar  passing  between  the  two  top  prisms  which 
is  attached  at  each  end  to  the  "basket."  Two  set  screws  in  the  bar  force 
the  prism  assembly  solidly  into  the  "basket"  locking  the  assembly  in  place. 
Tubular  shims,  one  on  each  mounting  pad,  are  cut  to  length  as  required  to 
adjust  tilt  of  the  "basket"/prism  assembly  for  final  alignment.  Figure  5 
shows  the  components  of  one  side  of  the  binocular. 

7.  Eyepieces 

Erfle  eyepieces  in  housing  mounts  were  directly  available.  Ray  tracings 
indicated  that  virtually  all  the  glass  was  necessary  to  provide  high  through¬ 
put  at  the  large  off-^axis  angles.  Each  eyepiece  is  individually  adjusted  for 
best  focus.  A  very  long  eye  relief  allows  the  user  to  wear  eyeglasses  while 
using  the  binocular;  however,  eyecups  proved  to  be  necessary  to  maintain  the 
eye  at  the  exit  pupil.  Three  types  of  eyecups  were  provided:  flared, 
reversed  cone  and  asymmetric.  The  standard  flared  cups  proved  to  be  un¬ 
comfortable  due  to  little  nose  room  between  eyecups.  The  asymmetric  pair 
required  a  special  mount  which  could  be  easily  counterotated  with  respect 
to  the  eyepieces .  The  reversed  cone  pair  gave  good  nose  room,  but  tended 
to  be  somewhat  uncomfortable  if  pushed  against  the  eye  socket.  Since  they 
were  symmetrical,  focusing  was  very  conveniently  achieved.  The  user  is 
free  to  choose  which  set  is  most  comfortable. 

To  verify  the  computer  ray  tracing  results,  one  set  of  eyepieces  was  modified 
so  that  they  could  be  used  in  the  original  Muffoletto  configuration.  Knurled 
rings  or  eyecups  were  not  provided  for  this  set. 

ALIGNMENT  AND  TESTING 
1 .  Prism  Alignment  Cementing 

Prism  alignment  was  accomplished  using  a  He-Ne  laser  beam  and  two  screens 
placed  perpendicular  to  one  another  with  each  approximately  12  feet  from 
the  alignment  fixture.  One  screen  was  physically  on  the  ceiling,  the  other 
returned  the  beam  to  the  laser  via  a  retro-reflecting  mirror.  A  plumb  line 
from  the  ceiling  was  used  to  position  a  beam  splitter  which  reflected  half 
the  energy  through  the  base  prism  to  the  ceiling  target.  The  base  prism  was 
held  in  a  two-axis  mount  whose  tilt  was  controlled  by  micrometer  drives. 

Tilt  adjustment  positioned  the  base  prism  perpendicular  to  the  laser  beam. 

The  beam  splitter  was  then  removed  and  one  prism  placed  on  the  base  prism. 
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Figure  4  -  Prism  Cells 
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Figure  5  -  Binocular  Components 


The  laser  beam  image  at  the  ceiling  target  was  positioned  by  rotation  and 
tilt  of  the  top  prism.  The  prism  was  cemented  in  place  using  UV-71,  a  UV- 
setting  cement.  The  second  prism  was  added  and  the  return  beam  at  the  laser 
face  was  positioned  by  tilt  and  rotation  of  this  prism,  which  in  turn  was 
then  cemented  in  place.  The  return  beam  was  controlled  to  an  angular  error 
of  less  than  1  milliradian. 

2.  Collimation 

By  agreement,  collimation  specifications  Mil-B-8568A  (ASG),  para,  3,4,5  (b) 
were  applied.  The  beam  from  a  He-Ne  laser  was  split  into  two  parallel 
components  separately  by  a  convenient  interocular  space.  The  direction  of  the 
beams  were  made  parallel  by  retro-reflecting  both  beams  back  to  the  source 
over  a  total  path  length  of  400  inches.  In  this  way,  the  beams  were  easily 
co-aligned  to  within  1  milliradian.  The  two  pencil  beams  were  inserted  into 
the  centers  of  each  eyepiece  and  the  reflection  from  each  element's  surface 
co-aligned  by  translation  and  rotation  of  the  binocular.  The  output  beams 
were  observed  on  a  reference  target  approximately  200  inches  distant. 

Reference  marks  corresponded  to  the  zero  positions  of  the  two  pencil  beams 
and  the  centers  of  the  objective  lens.  The  two  exit  beams  were  adjusted  to 
fall  on  the  objective  center  references  within  1.12  milliradians  convergence, 
and  2.24  milliradians  in  divergence  in  the  plane  defined  by  the  entrance 
pencils,  and  within  1.12  milliradians  in  the  perpendicular  direction.  The 
angular  specifications  translate  to  linear  dimensions  of  0.219  inches  and 
0.438  inches,  respectively. 

Alignment  was  an  iterative  procedure  in  that  the  prism  was  positioned,  an 
objective  lens  installed  and  the  resulting  laser  beam  position  with  respect 
to  the  reference  marks  observed.  Depending  on  the  direction  and  amount  of 
misalignment,  the  appropriate  shim  length  was  determined,  the  monocular 
disassembled,  new  shims  inserted  in  the  appropriate  positions,  the  system 
reassembled  and  another  observation  of  the  laser  position  noted.  When 
alignment  is  achieved,  each  of  the  three  retaining  screws  and  all  cover 
screws  are  cemented  with  **Lock-Tite”  to  secure  their  position  in  a  vibrating 
environment. 

After  collimation  is  achieved,  the  position  and  size  of  the  exit  pupils  were 
determined  by  placing  the  binocular,  focusing  at  infinity,  in  the  output  beam 
of  a  12-inch  Newtonian  collimator.  A  frosted  glass  screen  was  positioned  at 
the  best  focus  by  visual  observation.  The  size  and  diameter  of  the  exit 
pupils  were  then  measured. 

Field  of  view  was  measured  by  observing  the  source  at  infinity  and  rotating 
the  binoculars  on  an  indexing  head  until  the  image  appears  at  the  edges  of  the 
field.  A  measurement  of  the  respective  angular  position  gives  the  total 
angular  field.  A  circular  field  stop  was  painted  on  the  exit  window  of  each 
prism.  The  diameter  of  the  stop  is  equal  to  the  width  of  the  prism  (32  ram). 
Without  such  a  stop,  the  field  was  square.  The  corners,  at  approximately 
25  degrees  total  field  angle,  were  distorted  quite  badly  and  therefore  not 
useful.  The  field  stop  was  incorporated  to  eliminate  this  unusual  square 
field. 
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SUMMARY  AND  FUTURE  WORK 


The  design  of  a  wide  angle,  low  power  binocular  system  was  completed  and  two 
units  were  fabricated.  Their  characteristics  match  quite  closely  the  computer 
predictions.  Presently,  one  unit  is  undergoing  field  tests  to  evaluate  the 
effectiveness  of  the  system  when  compared  to  other  stabilized  and  unstabilized 
reconnaissance  optical  aids. 

High  optical  efficiency  at  wide  field  angles  necessitated  large  optical 
components  in  the  eyepiece.  The  present  design  has  high  brightness  across 
the  entire  field  of  view.  Since  the  eye  has  a  logarithmic  power  response, 
it  is  possible  that  fairly  large  vignetting  at  the  field  edges  may  not  be 
objectionable.  Smaller  elements  could  reduce  the  weight  of  the  eyepieces 
significantly  and  would  thus  significantly  reduce  the  overall  system  weight. 
The  current  system  weighs  too  much  for  operational  field  usage.  Using  the 
present  system,  the  size  of  the  eyepiece  components  consistent  with  objection¬ 
able  vignetting  can  be  empirically  determined  very  readily.  The  results  can 
be  used  as  inputs  for  further  computer  analysis  to  determine  the  impact  on 
other  optical  components  within  the  system. 

To  further  reduce  weight,  other  optical  materials  such  as  plastics  could  be 
considered.  The  prisms,  since  they  have  no  optical  power,  may  be  readily 
changed  to  low  density  materials  if  the  optical  quality  and  high  transmission 
can  be  obtained  in  large  components.  Changing  the  objective  lenses  or  eye¬ 
piece  components  to  plastic  material  would  probably  require  re-design.  How¬ 
ever,  a  study  should  be  made  to  locate  good  quality,  light  weight  optical 
materials  and  a  determination  made  concerning  the  impact  such  material  would 
have  on  the  overall  design. 
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Work  Statcr^ont  //SK.RO-503 
Spoci f icaticn  /;*$K*R0*^iQ9 


Re:  P,0.  #86hj.0M .88593 -OS, 
doted  7/2/73  


Investigation  of  V/ido  Anglo  Binocular  Prisms: 

Ihis  report  concerns  the  first  prelioinary  look  at  the  Aberdeen 
3X  binoculcrs  as  ciscujiscci  in  the  neeting  at  the  Huffolctto  Optical  Crapany, 
Inc*  rnd  during  discussions  betu'ctn  Frank  Kaislcr  and  our  consul  tent 
Goodall*  The  principal  subject  here  is  the  erecting  prism  type,  including 
arguments  for  end  against  various  typos. 

The  prism  types  included  arc:  Porro,  Lehman  (also  called  Abbe  end 
Koenig),  ar.d  Puchane  The-  main  detemining  factor  in  pritm  type  in  any 
binocular  and  trpocially  in  the  present  design  is  the  Icngtli  to  aperture 
ratioe  This  dotermines  whether  or  not  the  primary  image  from  the  objective 
v/i  1 1  fall  V'/ilhin  cr  outside  the  prism. 


De.^ign  constraints  on  the  present  binoculars  make  this  a  critical 
factor.  For  example,  the  tinoculars  ere  to  hav^e  at  luast  a  twenty  degree 
field  of  view;  the  exit  pupil  rust  Hu  1^4  r*ii  11  ir.f^tcrs  from  the  oycpiccc  end 
have  c  dif-iiCtcr  of  1C  mi  1 1  in^eters  v/hicii  forces  the  objective  t.o  hcU'C  o 
diimetcr  of  30  ni  1 1  imr.lor s.  The  f/3  syrtc-^i  produces  (assir.iing  the  entrance 
pupil  is  coincident  \;i  th  the  objecti  v'C-. )  c  90  nillimetcr  focal  iongtli  for  live 
objective.  Cbviou.^1  y,  thf;  optical  length  of  the  prism  r.ust  be  lc.S5  than 
S’O  i»ii  1  Hmeters. 


Cons idcretion  ov  the  field  of  viev/  and  aperture  iridirates  a.prrcxi- 
rrately  a  30  mi  1  li  v.atcr  bcf.m  frc'i  the  objcclivx*  to  tli:*  |:rimr:ry  fr?:>:.l 

planCc  This  means  that  the  prij':;  r.ur.t  !.:>vrt:  at  leant  a  30  mi  1  dicrnL'let'. 


Tho  set  of  figures  ir.dUctcs  various  prirr.i  types 
to  aperture  ratios.  The  parfv.^ctc  r .  V,  the’  tunnel  h  iigih  is 
to  considM  c  fo:’  c  horro  pr  ir  without  truncated  echjos  this 
for  on  /.ht'C  th.r.  I'ctio  is  5.19^2  v.hotl;0r  the  Abba  is  roofed 
an  ur.roovcd  Pe::i:cr.  the  ratio  is  ^v.6213*  Sc.r.e  cenvusiori  rri 
concerning  a  roofed  Pf-chan.  Cur  calciilav.ions  irsdicatc  thet 
will  hove  e  Kngth  to  aperture:  ratio  of  6.95« 


and  includes  length 
tlje  importent  une 
rC’Vio  ir>  foi-r; 
or  not;  or;d,  *ior 
res  at  tliis  jcTkCturc 
o  roofed  l'eel’»v'.n 


i:r*  s  e;;  f  of  Glass,  Qvnrtz,  FluoriU;,  Silicon,  etc. 


Obviously,  none  of  these  prism  types  would  work  if  they  weren't 
optically  shortened  by  tho  refractive  index*  For  on  index  of  1.5  the  Porro 
shortens  to  2*67,  the  Abbe  shortens  to  3.^253  and  the  unroofed  Pcchan 
shortens  to  3»064, 

According  to  this  consider aticn,  the  only  prisms  possible  are 
Porros,  There  is  another  possibility  however,  and  that  is  to  use  glasses 
with  higher  refractive  indices,  for  example  Schott  Glass  SF6  with  an  index 
for  the  0  line  of  1,805  u'OU’ld  reduce  the  Porro  lengths  to  2,216,  the  Abbe 
lengths  to  2,875,  and  the  ui! roofed  Pechan  to  2,73»  All  these  lengths  are 
within  the  f/3  li'iit, 

Note  that  the  Pcchan  for  which  the  calculations  have  been  made 
prism  type  would  only  revert  (or  invert)  the  image, 

Reversicn  and  inversion  requires  either  tvo  Pechans  in  series  or  a  roofed 
Pechari,  Our  calculations  indicate  that  a  roofed  Pcchan  even  v/ith  Schott 
SF6  would  have  rn  optical  length  of  3.850  times  its  aperture  suggesting  that 
a  Pcchan  would  not  work  in  an  f/3  systtm  or  faster  system* 

^hn  Gf/odell  discussed  this  with  Frank  Kaisler  and  Keister  suggested 
a  different  roof  type*  Ray  tracing  found  noticeable  vignetting  with  Kaisler 's 
roof*  This  was  p-ointed  out  to  him* 

Frankly,  we  are  a  little  puzzled  here  since  it  has  been  stated  that 
f/2,5  designs  exist  with  Pccivsns,  contrary  to  tho  present  findings*  It  appears 
that  &  Pcchen  v.‘ould  only  v«>rl;  if:  1*  TKe  system  were  slower  than  f/3; 

2*  Tho  image  fell  within  tiVe  prism;  3.  Vignetting  was  allowed* 


Allow!  rig  the  prirn:?ry  to  fall  vf"? thin  the  prism  body  has  the  drawback 
that  b  field  Ions  would  be  difficult  to  insert* 


As  a  result  of  these  calculations,  Porro  prisms  seam  to  be  the 
best  ccndicotvi  in  terriS  of  ectisfying  the  f/3  requircr-ient ,  the  field  of  view, 
and  the  riccesrary  eparture  to  length  rctio*  They  do  not,  of  coirse,  produce 
in  line  imacos. 


V'e  do  f, Iso  hove  tho  possibility  of  usirg  Abbe  prisms  providing 
we  ufo  glass  c-f  high  rofroctivo  index.  This  hos  »  possible  difficulty  th.'it 
high  iivlex  glestes  almost  olivsys  liave  nigh  dispersions.  This  r.;.y  or  may  riot 
rule  cut  prisms  v.'it!;  high  rovrnotivc  i(>ciccs.  This  will  be  only  after 

some  pr el ;mi nary  rcy  tracing.  It  still  must  bo  considered  c  possibility. 

At  prosorit  wc  don't  see  how  Fechons  can  bo  fficdo  to  v  ork  in  f/3 
syttemr.  without  vicnetting.  So,  nltheurh  they  nro  not  cciipletc-ly  excluded, 
they  ore  to  be  1e?.s  recoiif.ended  tlrt;n  the  cthtr  types. 


/•tfter  A  rather  c.'-.f.critv; vc 
t.'G  found  :>  i. riir  of  PorTo  prir.mr. 

h'o  other  types  {•Lci.ian,  Abbe,  Koenig 
aclop^tcble  to  thit  systim,  Tiris,  of 
even  further,  at  lea:;-!  for  uso  in  a 


starch  for  existing 
Vihich  may  ivorU  with 
,  Pcchan,  etc.)  have 
cov’'rc,  er.haficcs  the 
pro  1  iffii nary  sy.';tcm* 


•‘off  the  shelf"  pristns, 
r.orr.e  i.c'dificcitioru 
been  frund  thut  are 
Pci'ro  pr  ism  ergtc.ier.t 


A-2 


The  accompanying  figures  included  descriptions  of  Porro  prisms, 

Abbe  prisms  (typ*2  5  A  and  B),  and  a  Pechan  prism*  These  descriptions  come 
from  the  Military  Standardisation  Handbook  for  Optical  Design  (MIL-HOBK-ll<l« ) 

In  addition  thare  are  two  drawings  showing  tunnel  diagrams  for  roofed  Pechans, 
including  a  Descriptive  Cecnetry  exercise  which  indicates  vignetting  in  one  type 
of  Pcchan  roof. 

note  from  the  Military  Handbook  specification  of  the  Porro  that 
truncating  is  included  in  cnc  type  of  Porro.  This  is  not  necessary  and 
increases  the  optical  length,  hence  is  not  completely  desirable.  In  the 
preceeding  diicussion  the  shorter,  vntruncated  prism  with  a  length  to 
aperture  ratio  of  four  substituted  for  the  truncated  version. 


MUFFOLETTO  OPTICAL  Ca^PANY,  INC, 

•  4  I  • 

lil 

C,  Verne  Muffolctto 
President 
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*^1L-HO0K-I4t 


WUmOR  AND  PRISM  SYSTEMS 


13,10.2  Porro  Prism  System.  In  1S50  the  Italian  engineer  Porro  desi^.ed  the  prism  system  discussed  here. 

This  system  ccr.iiiii  c;  i’ao  n^hi-ar/iie  prism s,u5;:al:y  identical  In  ccnsiructicn,  placed  at  right  angles  to  y' 

each  other,  li  is  a  direct  vision  prism  system  cut  the  axis  Is  displaced  by  the  amount  d.  This  system 
invert  and  revert  the  image. 


A  =  1.00  n  =  1.5170  B  =  45*  (These  values  are  given)  a  0. 1C  (chosen  arbitrarily) 
R  =  ^/2  =  0.50  B  =  1.4142A  =  1.4142  C  =  2A‘*.0=2.1  0*A+a*l.l 

L  =  2A  4  30  =  2.20  d  =  1.4142  (A  ^  c)  =  1.5553  t  *  2  (2A  +  3a)*  4.00  t/n  *  3.0324 

Pigure  13.33-?c;rro  prism  system- 


A 

..y 


Figure  13.34 -Perro  prism  tu.nr.cl  diagran-u 

_ ' 
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M1L-H0BK-I4I 


MIRROR  AND  PXUSM  SYSTEMS 


13,10,4  Abb»?  Prisrr..  Type  A.  This  prism  inverts  and  reverts  the  image,  but  will  not  deviate  the  line  cf 
sight;  hence,  it  is  a  ''Direct  Vision  Prism, "  The  prism  is  made  in  two  pieces  which  are  cemented  together. 


A  «  1,00  fi  =  30*  =  90‘  n  =  1,5170  p  =  60*  «  45*  8  =  1,4142  A  =  1,4142 

C  =  1,3091A  =  1.3094  a  =  0.7071A  =  0.7071  b  =  0.5774A  =  0,5774  L  =  3.4644A  =  3. 4044 
I  «  5, 1962  A  =  5.  1902  t/n*^  3.4253 

Figure  13.37-At'be  prism,  type  A- 


/-5 


iffilROa  ASD  PPJSll  SYSTEMS 


MlL-HDOK-Ii;i 


13.10.5  Abt^e  Pris-n,  P.  This  prism  is  cade  cf  three  single  units  which  arc  cemented  tc^eiher.  This 

prism  wUi  evert  ar.c  r=veri  tne  image  but  wiU  ro:  cieviale  the  line  o!  siijht.  This  also  is  a  ’’Direct  Vision  Prism. 


A  =  1,00  b  =  .135*  45*  ^  =  60*  =  20^  n  1,5170  a  =  0.7071A  =  0.7071  t/n  =  3.  4253 

b  =  0,5773 A  =  0.5773  3  =  1.I547A  =  1. 1547  L  =  3.4641  A  *  3.4641  t  s  5.  1962A  *=  5. 1962 

yi^*e  13.39-A’i:i:o  prism,  l\*pe  B. 


MIL-HOBK-KI 


MIHROR  AND  PRISM  SYSTEMS 


13.10.1 2  Pechan  Prism.  The  prism  performs  the  same  duties  as  the  Hariing-Dovc  prism  but  It  has  one 
great  advx-.ta^;*?  ever  tiie  latter  inasmuch  as  it  may  be  placed  m  convergent  or  diverijent  light.  This  will 
permit  the  rcducticn  Ln  l^rngih  or  height  of  the  instrument.  I;  will  invert  (as  shown)  or  revert  the  image,  • 
depending  on  its  orientation,  it  may  displace  the  line  c!  siisht  if  not  properly  centered  but  it  wall  net 
deviate  it.  The  surfaces  marked  B  are  silvered  xad  covered  with  a  protective  coating.  The  ur.3ilvered 
reflecting  surfaces  cl  the  prism  are  separated  by  a  distance  of  about  0.C02  inch. 


112®  30'  a  «  0,2071A  *  0,2071 
1.7071  E  «  1.82S4A  »  1.8284 

i/n  =  3.0464 


w  »  67®  30* 

0  «  1.7071A 

ITgure  13.53-Pechan  prism. 


Figure  1 3.54 -Pc chan  prism  tunnel  diagram. 
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tod  lines  indicate  the  ray 
rrim  'jhen  it  is  in  cent 
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c  rath  through  the  re 
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oath  for  the  lara 
act  v.'ith  the  first 
second  prim  I'opre- 
cond  prisn  •.’hen 
orir."!  in  order  for 
iated. 


r 


the 


N' 


locscrlntlvo  woor^try  tnchnlquus  rhowloK  varloun  Pechnn 
fnccr,  rhi  bur’^oflc  of  tho  view  In  lo  nhow  vl-  neltlnfl: 
for  th*i  Dof  type  propones*  herein.  The  roof  top  In 
Rt  the  r.A»'iO  height  the  tor  of  nn  unroof e:!  Pcchan. 

The  nloLlnr:  roof  sl'l^r  oanllol  the  ?2*5  •le;/ree  slope 
of  th.e  cecon'^  top.  rh'"*  thr reyn  -nated  nr 

1,2,  ftnH  3  phow  that  only  the  ray  1  In  not  viTnetted, 
fho  oth'  r  two  rayr  Interr-ct  th**  nec.ond  roof  nlnne 
only  after  Intersect Ir*:  the*  ?  rlr*-  ^'eor  foce.  r.uoh  rays 
would  contribute  to  the  opt IcaV’ma^-e.  On  the  contrary 
they  would  appear  an  scatter*  •  11 'ht  and  v/ould  reduce 
contrast. 

The  rays  co^.e  fro?‘i  Incident  rayn  parallel  to  the 
optical  axis,  /urtbvr  traclnaj  v.ould  shov/  that  upper 
rayr  arc  not  vl<;:netted  In  this  conf  1/rurat Ion,  but  that 
rays  at  the  botton  of  t’ne  aperture  dre  cut  off.  . 


Rays  1,2,  nnd  3  cone  fror.  Incident  rnyn  acrorr.  the  prim 
fneu  nt  t}.e  hcl'^ht  nhov.n  Ir/  tlr*  IncJdcnt  ray  rnr’'  !'’,  A 
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REPORT  //2 


Work  StolcfTiGnt  /^SK-R0~.^>08  Re:  P.O.  //86m J-DM-88593-0S, 

Speci  f  >coti  on  //SK-_RO>^4Q9  dated  7  {2/7  j _ 


FVm  DESIGN  or  WIRE  ANGLE  AERIAL  RECONNAISSANCE  BINOCULARS 


ojscusyj^N: 

This  report  describes  n  design  for  a  special  binocular  type.  The 
design  constraints  are  as  follovLS: 


\ 


1  •  Pov/cr 


3X 


2,  Field  of  View  #•••••  ?0  degrees 

3#  Exit  Pupil  Size  •«•••••«••  10  mi  1 1 imeter s 

^1.  Eye  Relief  . . .  About  10  millimeters 

5,  Spectral  Region  ••••••••••  Total  visible 

Also,  si^c  and  weiglit  shall  be  compaMble  viitli  hand-held  reqiii »"cnent s . 
For  economic  reasons,  the  design  shall  utilize  existing  components  as  much  as 
possible. 


The  accompanying  data  will  show  that  the  design  criteria  have  been  met. 

The  power  is  almost  exactly  3X.  The  eye  relief,  here  determined  by  the  c/epiccf.*, 
is  close  to  10  mi  I  1  imei.er r. .  The  system  has  been  achroiati/od  in  Ific  visible 
spectral  region  andr  ov^.r  its  entire  field  of  view,  has  a  resolution  comparing 
very  favorably  Vvfi  th  that  of  the  hunan  eye  (the  eye  resolves  ?06  arc  seconds.) 

The  dev'ice  is  small  aarl  ligfil.  The  objective  and  prisms  are  matched  1o  a  Military 
(probably  'World  War  IJ  design)  Crfle  oyTtpiere.  This  rodijeos  cost  si  gni  fi  c»tnt  1  / 
since  it  eliminates  the  need  for  a  nevi  eytgTie.ce  design  /aid  maniir«.ict  nie,  and  also 
makes  use  of  existing  prisms.  All  glas«.es  are  common  and  reattily  avjiial)le.  All 
surfaces  are  splierical  or  plane. 

Report  A'l ,  dated  7/^.'73,  fully  i  nv.es  t  i  na  ted  erecting  prisms  and  showed 
why  final  selection  of  Porro  prisms  was  m.ide.  We  have  found  available  Porro 


rrrrisitw  f.rtjyrr^  nnil  f*r}>ivis  of 


Qu(trh,  Hnoritf ,  (  Ir, 
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pr  i  sMf*  which  Ctin  h^  by  f  i  colion  which  will  rcdiirc  t  h<*  rc'«.t  to  losn 

than  onc-thirr.l  tho  prico  of  new  prismr*. 

After  invest!  qalinp  three  fivcii  table  rrfto  eyepieces,  one  v/as  selected 
as  clearly  the.  best  suited  for  this  application  and  wo  wore  fortur»ate  enoucjli  to 
obtain  tho  desion  of  (through  the  efforts  of  Mr,  frank  Kaislcr  of  Wost  inghouse ) 

froai  Frankforl  Arsenal  (see  page  lens  and  Prism  Description),  This  h«!s  r«*sulted 
in  cost  saving  of  $1100,00,  per  page  2  B,  lb  cost  informal ioji  of  MOC  proposal 
dated  n/7\/lS»  This  eyepiece  exists  cof^pletely  mounted  in  a  lightweight  aluminum 
focussing  maont  and  nay  be  jsctl  *'a%  is,**  For  the  sake  of  greater  cr>mpactness  and 
some  weight  reduction,  it  is  possible  to  dc-*Tif>unt  these  lenses  and  redi/ce  their 
diameters.  They  con  then  be  re-mountcd  in  a  completely  new  barrel  and  focussing 
moiin  t . 

Further  investigation  shows  that  the  center  post  from  existing 
conmerciiil  10  x  *^0  binoculars  May  be  utilized  to  connect  both  binocular  barrolr. 
and  adjust  ir.l  erpnpi  lary  distances.  Also,  three  achrcvnatic  flotiblel  lenses  were 
obtained  and  evaluated  for  possible  usej  although. the  resijltn  gave  us  useful 
infornation,  v.'e  proved  that  achro-^atic  doublets  cannot  do  this  job. 

Beyond  this,  there  seems  to  be  no  further  use  of  existing  parts. 
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I.  TTI£  D;ir.IGN 


Table  1,1  lloto  the  Tortox  locations,  radii 
and  gloss  typos  for  all  binocular  olononto,  ThlcUnoso 
of  each  individual  eleaent  can  bo  derived  by  eubtraotlng 
vertex  dlotancco.  Thus,  the  first  vertex  lies  at  the  coor- 
dlnato,  zero  Inches,  while  the  oooond  vortex  Is  at  tho 
ooordlnato  ,2  inches.  Indicating  a  vertex  thloltnooo  for 
the  first  Iciifl  of  ,2  Inchos  -  0  Inches  «  ,2  Inohos,  The 
total  prion  length  Is  5«5  Inchoo  -  .75  inches  =  4.75  inohos. 
This  Incliidcs  tho  total  physical  ray  path  through  both  Potto 
prlens. 

Note  that  tho  Erflo  eyepiece  has  three  conented 
doublet  combinations.  This  Is  Indicated  by  Identical 
radii  and  vertex  locations, 

A  triplet  ocnprleos  tho  objective  prlnarlly 
because  of  tho  20  degroo  field  rcqulrcsont.  In  ordor 
to  avoid  sharp  curvatures  possibly  required  by  off"»Gxlo 
oorrootlono,  Tho  nogatlvo  <lcnont  lies  botireon  tho  two 
positive  olcaents  in  order  to  place  tho  principal  piano 
near  the  reax*  olcnent.  This  allows  tho  objective  focal 
plane  in  thona  oxti*a  wide  angle  binoculars  to  fall 
boyond  tho  final  prlcia  surface , 

Plguro  1,1  Is  a  full  ooalo  drawings  of  tho 
toleocopo  rflth  the  prion  unfolded.  The  prion  length  equals 
tho  actual  physical  length  of  glacs  which  tho  light  rays 
must  traverao.  The  dotted  lines  in  tho  dingran  indi¬ 
cate  my  directions  in  the  absence  of  a  pi'lcn,  Tlno  Ei'flo 
eyeolooo  is  shotm  only  In  8ChcT!;atlo  as  a  block,  but  to 
scale.  Mote  that  tho  tcloncopo  will  be  quite  short  nlnco 


A-12 


PULI  SCALE  LAYOUT  OF  THE  3X  BIHOCULAES  (one  side) 
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LENS  AND  pninri  description 


VERTEX  LOCATION  (la.)  RADIUS  (In.) 

GLASS 

0 

5.6 

*  BK7  517642 

TRIPLET  . 2 

OBJECTIVE 

-3.36779 

•  3 

-2.245 

*  SP2  648339 

.35 

-9.03577 

.45 

5.4 

BK7  517642 

.65 

-3.44451 

• 

.75 

inf. 

BSC2  !?iy645 

PRISM  5.5 

Inf. 

57W9F“ 

EDPi  669338 

6.54692 

1.14 

ERPLE  6*54692 

1.14 

BSC 2  517645 

7.11192 

-1.707 

7.12792 

3.492 

V.-V  EDPl  649330 

EYEPIECE  7.23692 

1.422 

7.23692 

1.422 

'V'  BSC2  517645 

7.84792 

-2.138 

7.86792 

1.79 

V  BSC2  517645 

8.43992 

-1.79 

8.43992 

-1.79 

dbg 2  617549 

8.50692 

6.347 

Schott  Optica’  Gla 

G5  V/orks,  Optical  Glasses 

/ 

■<''*  Corning  Glass  Vtork 

s.  Optical  Glasses 

Tablo  1.1 

Vertex  coordinates. 

radii,  and  glaoo  types  for 

all  elcmontG  of  tho 

binoculars* 
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tht:  prlfi’n  face,  B  -  B*  In  tho  notuul  rtovlco  will  11c  In 
the  opno  plane  ac  tho  face  A  -  A*.  A  oooond  drawltw;  ohows 
tho  prlnin  crooo  coot  Ion,  aocunlng  a  Porro, 

A  deolgn  dooa  not  proocrlbo  any  opeolflo  prion 
typo.  The  field  of  view,  hox7ovor,  requires  a  prion  with 
a  large  aporturo  In  order  to  avoid  vignetting  at  the 
field  Gax*glno.  A  Forro  has  tho  boot  aperture  to  length 
ratio  and  thoroforo  appearo  to  be  the  moot  oultablo  prlun 
for  a  prototype.  It  Is  probably  also  the  least  oxpendlvo 
typo. 

Table  1,2  Is  a  conputer  prlnt-out  of  the  ray 
coordlnotea  and  direction  o^olnes  ao  tho  input  ray,  enter¬ 
ing  tho  front  curfaco  of  tho  objective  at  a  height  of  ,6 
Inohos  (tho  marginal  ray  height)  traversoo  each  lono 
surface  and  finally  leaveo  tho  Erflo  eyepiece,  Ji  lo  zero 
olnoo  tho  ray  lo  uoridlonal.  Z  lo  dlctanco  along  tho  optic 
asls  referred  to  tho  first  Icno  vertex,  Y  lo  tho  ray 
h&lght.  L  Is  the  direction  coolne,  hero  always  zero 
for  the  meridional  ray,  K  Is  the  Y  direction  coolne, 
also  tho  sine  of  tho  angle  tho  ray  nal:oo  with  tho 
optical  axJ.o.  K  lo  tho  direction  coolno  along  tho  Z 
arls,  Pooltlve  radii  aro  convex  to  the  Incoming  ray. 

The  navolcngth  lo  5-^93A,  Tho  prism  can  bo  rocognlzod 
oaslly  bccauoo  tho  direction  cosines  entering  the  prism 
aro  tho  cano  as  tho  dlrootlon  coslnos  of  tho  ray  leaving 
tho  pricn,  Tho  final  output  ray  height  for  this  mar¬ 
ginal  ray  Is  almost  exactly  5  mllllaotcrn.  Indicating  a 
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ton  nilllnotor  exit  pupil. 

Tablo  1.3  reocabloo  Tnblo  1.?,  except  that  tho 
Input  rr>yo  cutor  tho  front  objective  curfaoo  at  nn  fln5;lo 
of  ten  ciepfrooo  v;ith  tho  optical  axlo.  Tho  Y  coordlnatoo 
In  thin  caao  lnd5.oato  tho  nlnlnun  clear  aporturo  required 
for  each  olcnent  in  order  to  avoid  vlgnottlng. 


II  •  PHI/I-OPr^AlTCI:: 

1,  On  Axle. 

Plguro  2.1  dIioxjs  four  curveo  corresponding  to 
output  ray  directions  for  Input  rayo  parallel  to  the 
optical  Bxla,  The  four  curvoo  represent  output  ray 
directions  for  tho  \.avcslcngtho  4ob7A,  4861A,  5893A, 
and  6563A  ae  Indicated .  Tho  curveo  plot  output  ray 

direction  In  nllllradlano  vo.  input  ray  heights  up  to 
the  ,6  inch  narglnal  ray. 

In  order  to  generate  those  particular  curves, 
tho  boot  focus  uas  found  for  tho  65(S3A  Slno.  Tho  4ob7A 
rays  oxporicnco  tho  ^?orot  focus,  vThioh  nevortheloso  has  a 
oproad  of  the  order  of  tho  vloiJal  angular  resolution 
Unit,  Tho  output  beo?o  divergences  for  tho  othor  rays 
lie  vjcll  boloTT  tho  visual  angular  rccol\!tlon  Unit  and. 


in  fact, 
Thun  tho 


aro  closo  to  the  diffraction  Unit  of  tho  oynten. 
design  Iiac  boon  uolghtcd  torard  tho  visx’al  spcoti*un. 


2, 


Five  an d  Ten  Pegr oeg  'i'pe*d<\ncq » 


Figure  2.2  shovrs  four  sets  of  etuves  corren- 
ponding  to  outp^it  bean  dirootioncT- for  inp'ut  parallel  srayo 
making  a  five  dogreo  nng.l  o  ulth  tho  optical  axis. 

For  clarity  each  curve  has  been  rtra,tjn  on  a  scpavivto  (*!raph. 
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Tablo  1.2’ 

Marginal  i*ay  holght  for  zoro  dcgroos  incident  ray# 


Y0= 

•  6 

Xa 

0 

Ya 

•  605^7  9  b 

z:a 

3.?8631E< 

x= 

0 

Y  = 

•  \  A?i 

Xa 

. ! 63501 

Xa 

0 

Ya 

•6lb79l 

Za 

.?13P,9  5 

Xa 

0 

Y  = 

.6P^99!  ^ 

Za 

.3?8016 

Xa 

0 

Ya 

•  6Sr>ABl 

Za 

. 689955 

Xa 

0 

Ya 

.661557 

Za 

. 5B5B73 

Xa 

0 

Ya 

.6^:>027P. 

Za 

.7  5 

Xa 

0 

Ya 

.6357  5^ 

z= 

5.5 

xa 

0 

Ya 

.627  67  7 

Za 

6.5311 

Xa 

0 

Ya 

.  609  677 

Za 

6.7P35P 

X= 

0 

Y  = 

.609677 

Za 

6.7P35P 

Xa 

0 

Ya 

.5955J^ 

Za 

7.00667  1 

Xa 

0 

y= 

.5666P! 

Za 

7. I7C97 

Xa 

0 

Ya 

.50331 

Za 

7.3:::0^<7 

Xa 

0 

Ya 

.  5 OP, 31 

Za 

7 . 33007 

Xa 

0 

Ye 

. 399?! 5 

Za 

7 .B103? 

Xa 

n 

Ya 

.35?7i;7 

Za 

7.90303 

Xa 

0 

Ya 

.  1  65.3?  1 

Za 

0.63601 

X= 

0 

Y  = 

. 1 653^1 

Za 

0.63601 

Xa 

0 

Ya 

. 1 1P9P5 

>  ». 
/-  — 

1  >  •  50  <>03 

L= 

0 

Ma 

-.5,30  655 

Ma 

.  fj  67  7  1  3 

ro 

Table  1.3 

Marginal  rny  height  fox-  ton  degrnno  Incident  rhy. 
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Tho  cPordJnotefl  aro  tho  holf^hto  at  »;hloh  tho  rayn  enter 
the  objoctlvo  Icno.  Tho  aboolocao  ai’o  tho  anglon  nhloh 
tho  corroepondlnfc  output  rayo  nako  with  tho  optical  axio* 

Plpuro  2.3  roccnblon  Plpurc  2.2  except  that 
the  Input  rayo  entoi*  tho  objective  at  ton  dejjrooo  with 
tho  optical  asln.  Ilotloo  that  tho  curveo  otop  at  tho 
.2  Inchc  cono  bocauoo  meridional  rays  below  this  holgjit 
aro  largely  vlcncttccl  by  total  intomal  roflootlon  at  tho 
Er  f  1  o  in  t  omal  ourrno  no  • 

3«  Vlrnottlnn*. 

In  tho  prooont  blnooularo,  vignetting  can 
rooulfc  fi*on  two  cauoooi  phyolcol  llraltatlono  and  total 
intornal  reflection  tjhcn  Iftght  rayo  otrlko  Intssmal  glaoo 
nurfaooo  at  angloo  ozooodlng  orltloal  angloo.  Tho  of foot 
of  tho  flrot  llnltatlon  enn  bo  Inferred  fr^a  Tabloo  1.2 
and  1,3  In  Section  I  XThlch  choi»  tho  i*ay  hclghto  of  tho  nar- 
glcal  ray  as  It  Intoroooto  caob  optical  ourfaco.  An 
Inportnnt  phyolcal  limitation  vhowovci*  lo  tho  length  to 
aporturo  ratio  of  tho  pricn.  Tho  prlca  length  lo 
wltinatoly  oot  by  tho  f  nunbor  of  the  oyotem  and  Chlo 
In  tura  cofto  a  Unit  ea  tho  prlca  nportm*o. 

A  noro  fv'.ndcaontal  linltatlon  cenlfonto 
Itcolf  T'hcii  tho  field  of  view  boconco  largo  end  the 
oycplooo  orporlcncoij  oteep  Intomal  Inoidcnoo  r.ngleo. 

For  oranplo,  n  twenty  degree  Incident  chief  roy  boooaco 
a  olxty  degroo  cnorglrimy,  ITnrginal  rayo  cxparlenco 
even  otoepor  dopoo.  Thuo,  total  Intornol  rcflcoticn 
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ooourrln/?  when  Internally  Inolrtont  myn  oxooed  critical 
anfflon  ooto  a  linltatlon  on  field  of  view  which  lo 
difficult  to  clrounvont. 

Plffuroa  2.4,  2,5,  2.6,  2.7,  and  2.8  aro  conputor 
generated  epot  dlagrano  Indicating  aperture  lone  arising 
from  total  internal  reflection.  They  oorroopond  to 
0®,  7°,  9°,  10°,  and  12®  incident  pardllol  ray  bundles. 

At  zero  degrees  Innldcnoe  no  vignetting  from  total  Internal 
roflootlon  oocurs  nnd  the  correspond lag  spot  diagram  Is 
full.  At  seven  degrees ,  the  first  loos  begins  to  occur  at 
tho  bottom  and  sides  of  tho  aperture.  Nine  degroo  inoldont 
rays  show  more  noticeable  loss  at  tho  aperture  edges  nnd 
bottom.  Ton  degroo  incident  rays  ere  quite  opotty, 
indicating  that  each  ray  otrilics  at  least  ono  internal 
curfaco  of  the  Erf3.o  cyoplcoo  ot  clooo  to  a  critical 
Anglo.  Piguro  2.0  depleting  aporturo  loos  for  12  aegroo 
incident  rays  chows  comploto  loos  of  oportnro  at  tho 
bottom  edge  as  well  as  opotty  troncnlttanco  throughout 
tho  aporturo, 

^  ^  •  oPTxnir-iTToir 

The  design  appears  to  bo  close  to  optimum, 

Gone  further  design  effort,  honover,  has  resulted  In  a 
slight  inprovenent.  Thin  nay  bo  accdcnlo  slnco  tho  pro- 
onnt  design  ooemo  ijoll  within  required  tolcrnnocot 
hence  fiu'thor  Inprovcmejit  nay  not  oven  bo  noticeable. 

As  an  exaaolo  of  the  degree  of  Improvcnent,  Tables  3*1 
one!  3*2  oonpare  slightly  Improved  design  with  tho  reported 
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dofilpn.  The  output  rayo  correspond  to  InconlnR-  5893A 
rnys  raaklns  on  angle  of  five  degrees  VTlth  tho  optical 
olio*  Any  nodlflcationo  frorj  the  prooent  roportod 
dcDlgn  which  result  in  oignlflcant  Inporveracnt  \illl 
be  conoldorod  In  an  actual  prototype  carmf actu.ro* 

Typical  inprovenontG  would  rcoult  ini  noro 
tolerance  for  tho  Ions  nakor,  bettor  resolution  (oraln- 
Inatlon  of  tho  present  design  suggests  that  such  mod- 
iflcatlons  would  likely  prodtico  Insignificant  Inprcivc- 
nont  to  tho  present  dosign),  fewer  olciacnta,  or  cvcaller 
and  lighter  clcnonts* 
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Figure  2»h 

Conputor  gonerntOd  apot  dirgron  ohorrlng  aperture  for  sero  dc-grooB 
inoidcnt  rayo  filling  the  entrance  pupil. 
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♦  ♦ 


Piguro  2.5 

Conputcr  generated  opot  dlagran  nhonlng  aperture  for  oeven  dogroos 
incident  rayc  filling  the  entrance  pupil. 
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Pleuro  2.6 

Computor  generated  spot  dlagitjia  nhowlng  aperture  for  nine  degreoa 
Incident  rnys  tho  entrance  pupil. 
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ponding  npertui'o  hoighto, 
Pcjtioibly  noro  optlmira  donign, 
Hadinn  of  fifth  triplet 
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